The interaction between minute-ventilation rateresponsive pacemakers (MV-RRP) and monitoring devices in common usage in the operating theatre, intensive care and recovery areas has been described previously [1] [2] [3] . These pacemakers set a rate in accordance to exercise demand, using measurements of minute ventilation to evaluate this demand. They sense minute ventilation by emitting a pulsed current and detecting the changes in thoracic impedance during the respiratory cycle. However, it has been established that the current from other monitoring devices that also measure thoracic impedance (such as those monitors that display respiratory frequency) can summate with the pulsed current from MV-RRP. This increased impedance signal is perceived by the pacemaker as increased minute ventilation, which causes the ensuing tachycardia at the pre-programmed rate 3 . This phenomenon has previously been reported with Telectronics META series pacemakers 1 . we report a case involving a Telectronics Tempo pacemaker (St. Jude Medical, St, Paul, MN, u.S.A.)and an Agilent Patient Care System: Viridia 24CT (previously Hewlett Packard, now owned by Philips Medical, Amsterdam, The Netherlands), and discuss the implications of such an interaction.
CASE REPoRT
The patient was a 74 year-old woman who presented for right knee arthroscopy after swelling, pain and decreased range of movement in that knee. She had a history of known osteoarthritis, hypertension, hypercholesterolaemia, congestive cardiac failure, significant gastro-oesophageal reflux disease and a complex cardiac arrhythmia.
She had been treated for paroxysmal atrial fibrillation but developed facial flushing and sinus bradycardia when given amiodarone, requiring the implantation of a dual chamber pacemaker (Telectronics Tempo DR) in November 2001. This was followed by an attempt at atrioventricular (AV) junction ablation, performed in February 2002. For technical reasons this did not result in complete severance, but did result in first-degree atrioventricular block, which was considered sufficient. Her underlying rhythm remained that of bradycardia with first-degree atrioventricular block. However, she had ongoing episodes of palpitations which were attributed to paroxysmal atrial tachycardia/atrial fibrillation with atrioventricular conduction, rather than pacemakermediated tachycardia. unfortunately, she did not tolerate sotalol to control her atrial rate. Repeat atrioventricular ablation was not deemed necessary.
Regular pacemaker checks were satisfactory, with a pacemaker interrogation three months before the procedure. Her pre-operative pacemaker setting was dual chamber sensed, dual chamber paced, dual inhibited and triggered, rate-response mode (DDDR). She was assessed in the anaesthesia preadmission clinic. No changes were recommended to the settings due to the peripheral nature of the procedure. The preoperative electrocardiogram (ECG) showed a paced rhythm of 75 beats per minute. Her medications were carvedilol 25 mg twice daily, pravastatin 10 mg nocte, rabeprazole 20 mg daily, aspirin 100 mg daily, perindopril 4 mg daily and frusemide 40 mg mane.
The patient underwent an uneventful procedure under general anaesthesia with midazolam, fentanyl, propofol, suxamethonium and sevoflurane. other medications given were dexamethasone and ketorolac.
In recovery, she was monitored with an Agilent Viridia 24CT monitor. She was noted to be tachycardic, but her blood pressure was not compromised. Intravenous morphine administered by the recovery room staff prior to patient review had no impact on the tachycardia. A 12-lead ECG was taken which showed similar broad-complex QRS-wave morphology compared to her preoperative ECG, but a higher rate of 120 beats per minute (Figure 1 ). of note, pacing spikes were not apparent on 12-lead ECG, but were visible on the monitoring device. The provisional diagnosis of a pacemaker-induced tachycardia was soon made. As the mechanism of this occurrence was unclear, advice was sought from the pacemaker technicians at our institution. They suggested removal of the monitoring lead. This led to return to a paced rhythm of 60 beats per minute over a minute (Figure 2 ). There were no negative sequelae from the transient iatrogenic tachycardia.
DISCuSSIoN
Minute ventilation rate-responsive pacemakers (MV-PPM) use physiological monitoring to control the pacemaker output, matching heart rate to increased workload, and have the advantage of not requiring any special implantation techniques 4 . They have been documented to improve well-being and exercise tolerance 1 . Disturbingly however, such pacemakers can interact with certain cardiac monitoring and other equipment and this has been noted by the FDA in a warning to health professionals 5 . The rate-responsive mode of these pacemakers measures thoracic impedance to gauge minute ventilation, matching heart rate to this value. It does this by injecting low-amplitude pulsed currents and detecting voltage produced by this pulse. This system is susceptible to interference from externally introduced currents 3 . unfortunately, many medical devices, including the patient monitoring systems used in our recovery, also measure bioelectric Case report impedance by injecting a small current. If these devices are used concurrently with an active MV-RRP, the signals may be reinforced and incorrectly interpreted by the pacemaker as elevated minute ventilation, with the subsequent response of a higher paced rate. The potential of such an interaction can be appreciated by the list of devices using impedance measurement technology: respiratory monitoring equipment (including apnoea monitors), cardiac monitoring equipment (lead-off function), echocardiograph equipment, and external defibrillators 5, 6 . Management includes supportive measures for maintaining oxygenation and blood pressure stability and removal of the cause.
our experience has highlighted other issues. The complexity of the arrhythmia history and management in our case demonstrates the difficult task of preoperative assessment, given the advances made in many areas of medicine. our pacemaker technician and cardiology colleagues were invaluable sources of information before and after the case. Although not an issue for us, the availability of such backup at all hours must be seen as a priority. Furthermore, cardiac pacemaking is made even more complex by the possibility of manufacturers being no longer in existence despite their product being in use. There may be newer devices in the future and an increase in the number of indications for implantation 7 . This complexity necessitates our close association with cardiologists and pacemaker technicians. Nevertheless, our reliance on our colleagues may come at the cost of the opportunity for anaesthetists to pursue the breadth of knowledge required for the complete care of these patients, by education and even crossspecialty training 7 . Furthermore, medical colleagues can be unaware of pacemaker issues specific to theatre or recovery room environments 6 . The need for pacemaker manufacturers to be in dialogue with clinicians in 'real-life' setting and their ethical obligation to inform of relevant concerns are also highlighted by our case.
The American College of Cardiology and the American Heart Association have issued guidelines about the perioperative management of implantable pacemakers 8 . Before the procedure, the underlying rhythm should be determined and its battery status and programmed settings evaluated, in particular deciding the appropriate upper sensor rate that would avoid haemodynamic disturbances. Consideration should be given to reprogramming the pacemaker prior to the procedure. After the procedure, the pacemaker should be checked again to detect changes from electromagnetic interference or changes in a patient's physiological status 6 . A heart rate response of 120 bpm in our patient did not produce haemodynamic instability; rigorous testing three months earlier certainly helped to ensure this. Disabling the rate-responsive mode in this case may have provided a greater margin of safety and this has been suggested as the appropriate preoperative manoeuvre for all rate-responsive pacemakers 9 . This case also demonstrates the commonly observed phenomenon of pacemaker spikes from bipolar leads not always being visible on an ECG rhythm strip. This was recognised early on and hence did not result in needless delay in the diagnosis of pacemaker-induced tachycardia.
Finally, although there were no negative sequelae in our case, the potential for harm must be appreciated. Tachycardia in theatre could have been interpreted as inadequate anaesthetic depth. The broad-complex tachycardia (especially when pacing spikes are filtered out by the monitor) could have been managed as for a malignant arrhythmia, with potentially toxic anti-arrhythmics being inappropriately given or cardioversion attempted. Myocardial ischaemia, myocardial infarction and systemic hypotension are further potential complications that highlight the relevance of correct diagnosis and treatment 3 .
